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METHOD FOR ENHANCING EFFECTIVENESS OF 
OPERATION OF ROTOR BLADE OF WIND ENERGY DEVICE 

(VARIANTS) 

Field of the Invention 
The invention relates to wind energy,^ in particular to wind energy devices (WED) 
converting wind energy into electrical, mechanical, hydraulic or other form of energy. 

Background of the Invention 

A device for controlling the boundary layer is known, in which a method of enhancing 
the effectiveness of controlling the boundary layer on an aerodynamic surface (for example, 
on the surface of a rotor blade of a wind energy device) is realized by suction withdrawal of 
air from the rear wall of the cavity in combination with tangential blowing into an annular 
channel (see patent RU 2032595, IPC B 64 C 21/08, 10 April 1995). 

A drawback of the method for enhancing the effectiveness of a rotor blade is that such 
a vortex control of the boundary layer cannot be used for the rotor blades of a WED with a 
horizontal axis of rotation, since the vortex cells (cavities with central bodies), positioned 
along the geometrical axes of the blades, will not be transverse to the flow of air because of 
the powerful tangential flow of air formed during rotation of the rotor blades of the WED. 

Disclosure of the Invention 
The object to the achievement of which the instant invention is directed is 
enhancement of the efrectiveness of a WED by increasing the moment of force applied to the 
shaft of the rotor. 

Achievement of the object is attained in the proposed method, in accordance with the 
invention, in that a rotor blade is made in the form of a wing with a thick aerodynamic profile 
and a vortex system for control of the boundary layer is arranged on the rear part of the blade 
opposite the side facing the wind, this system consisting of longitudinal cavities with central 
bodies forming annular channels, and suction withdrawal of air is carried out from each cavity 
and each central body through air vents into receivers, which are connected by air ducts to a 
low pressure receiver inside the blade, air from which due to centrifugal forces of a rotating 
blade and also because of the difference in pressure occurring at a blade shank and end of the 
blade because of the large sum velocity of the air at the end of the rotating blade, is sucked 
out to the end of the blade through an air duct, wherein plates limiting the air flow flowing off 
along the blade are mounted inside the cavity and on the outer surface of the blade with a 
certain spacing between them. 
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The low pressure receiver is combined with the cavity receivers and the receivers of 
the central bodies and suction withdrawal of the air takes place from it into the environment. 

The low pressure receiver is combined with the cavity receivers and suction 
withdrawal of the air takes place from it and the receivers of the central bodies into the 
5 environment. 

The low pressure receiver is combined with the receivers of the central bodies and 
suction withdrawal of the air takes place from it and the cavity receivers into the environment. 

In order to optimize the value of the suction withdrawal of air from the low pressure 
receiver, from the cavity receivers and the receivers of the central bodies at different modes of 
10 rotation of the rotor of the WED and for effective neutralization of the action of excessively 
high speeds of the wind on the rotor of the WED, elements controlling the consumption of air 
are mounted on air lines. 

In a variant of the method of enhancing the effectiveness of a rotor blade of a wind 
energy device, in accordance with the invention, a rotor blade is made in the form of a wing 
• 15 with a thick aerodynamic profile and a vortex system for control of the boundary layer is 
arranged on the rear part of the blade opposite the side facing the wind, this system consisting 
of longitudinal cavities, and suction withdrawal of air to the end of the blade is carried out 
from each cavity due to centrifugal forces of a rotating blade and also because of pressure 
difference occurring at the blade shank of the end of the blade because of high sum speed of 
20 air at the end of the rotating blade, wherein from each cavity through air vents with elements 
controlling air consumption suction withdrawal of air is carried out into a low pressure 
receiver, air from which due to centrifugal forces of a rotating blade and also due to pressure 
difference occurring at the blade shank and end of the blade as a result of a high sum speed of 
the air at the end of the rotating blade, is suction withdrawn to the end of the blade through an 
25 air line, plates to limit the air flow flowing off along the blade are mounted inside the cavity 
and on the outer surface of the blade with a certain spacing between them, suction withdrawal 
of air is also carried out due to a turbine, wherein air blow is carried out in the vortex rotating 
in the cavity of the blade. 

Brief Description of the Drawings 
30 Fig. 1 shows a transverse cross-section of a rotor blade of a wind energy device. 

Fig. 2 shows a transverse cross-section of a cavity with a central body and a diagram 
of air flows. 

Fig. 3 shows a view of a blade from the side of vortex cavity and plates limiting the air 
flow flowing off along the blade. 
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Best Variant of Carrying Out the Invention 
In realization of the claimed method, blade 1 of a rotor of a wind energy device is 
made in the form of a wing with a thick aerodynamic profile (not shown) and a vortex system 
for control of the boundary layer is arranged on the rear part of the blade 1 at the side away 
5 from the wind, this system consisting of longitudinal cavities 2 with central bodies 6 forming 
annular channels 4 and air is suction withdrawn from each cavity 2 and each central body 6 
through profiled air vents 7 and 5 into receivers 3 and 9, which are connected by air ducts 1 1 
and 12 to a low pressure receiver 10 inside the blade 1, wherein the annular channel 4 has a 
wider portion in the front part. 

10 The hollows of each of the cavities 2 is coupled to the receivers 3 with the aid of air 

vents 7, and the cavities of each of the central bodies 6 with the aid of air vents 5 to the 
receivers 9. Coupling the receivers 3 and 9 to the receiver 10 provides for dosage of the 
suction withdrawal of air from the cavities 2 and the central bodies 6 and reduces the 
unfavorable positive pressure gradient in the boundary layer. 

1 5 Low pressure in the receiver 1 0 is provided during rotation of the blade 1 due to the 

tendency of the particles of air to move toward the end of the blade 1 as a result of the 
relatively low external pressure at the end of the blade 1 because of the high speed of the air 
flow (due to the vector addition of the air speed and the tangential flow), and also because of 
centrifugal forces. 

20 Control of the suction withdrawal of air from the receiver 10 is carried out with the aid 

of elements controlling air consumption. In order to withdraw the air from the receiver 1 0, a 
turbine (not shown) is additionally installed. Furthermore, the blade 1 of the rotor contains a 
bushing 8 with a turning mechanism and cowling (which are not shown), blade shank 13, 
plates 14 limiting the flow of air along the blade 1 (counteracting the tangential flow of air 

25 occurring during rotation of the blade 1) and mounted on the external surface of the blade 1 
and inside the cavity 2 "of the vortex cavities". 

The nonstalling airflow of the rotating blade 1 is provided by the creation of stable 
vortexes in the annular channels 4 of the longitudinal cavities 2 positioned on the rear part of 
the blade 1, made in the form of a thick wing, at the side not facing the wind. Organization of 

30 the vortex and its support occur as a result of dosed suction withdrawal of air from the wall of 
the cavity 2 and the central body 6 "of the vortex cavity", wherein the necessary suction 
withdrawal of air is provided by centrifugal forces occurring during rotation of the WED 
rotor, and also by gas-dynamic vacuum pressure on the periphery of the blade 1 . 
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Industrial Applicability 
Studies of the aerodynamic characteristics of the rotating blade 1 of the WED rotor 
with vortex cavity has shown that: 

- in blades 1 with an active system for control of the boundary layer, a substantially 
5 greater part of the length of the blade 1 "works" on the creation of a torque on the shaft of a 

WED rotor; 

- the value of the lifting force coefficient Cy is substantially greater than with ordinary 
WED blades; 

- the positive value of the lifting force coefficient Cy is retained for a large range of 
10 negative angles of attack. 

The constructive embodiment of the system for controlling the boundary layer may in 
some cases exclude the use of central bodies 6 inside the cavities 2. 

Variants of the construction with use of blowing air in selected points of the cavity 2 
are possible. 

15 The constructive creation of the blades 1 of the rotor of a WED with a system of 

controlling the boundary layer provides the possibility of using a thick aerodynamic profile. 

In the case where central bodies in the cavities, receivers of the central bodies, 
receivers of cavities and low pressure receivers are not present in the WED, the claimed 
method is realized without suction withdrawal of air from the central bodies into the receivers 

20 of central bodies through air vents, without the suction withdrawal of air from the cavities of 
the cavities into receivers of the cavities through air vents and without suction withdrawal of 
air from the low pressure receiver at the end of the blade, and suction withdrawal of the air 
from each "cavity at the end of the blade is carried out due to centrifugal forces of the rotating 
blade and also due to the occurring difference in pressure at the blade shank and end of the 

25 blade because of the large sum speed of the air at the end of the rotating blade, wherein plates, 
limiting the air flow flowing off along the blade, are arranged with a definite spacing inside 
the cavity and on the external surface of the blade. 

The claimed method is also realized in the presence of a low pressure receiver inside 
the blade, into which air is suction withdrawn from each cavity through air vents with 

30 elements controlling air consumption. Air is suction withdrawn from the low pressure receiver 
to the end of the blade. 

A turbine for suction withdrawal of air may be additionally mounted in the device, and 
blowing the air may be carried out into a vortex rotating in a cavity of the blade. 



